Background: Patients with atypical neuralgia or atypical facial pain have been surgically treated with microvascular decompression (MVD) of the trigeminal root entry zone (TREZ). There are no data regarding the sensitivity and specificity of a vessel-TREZ relationship as a cause of pain in patients with persistent idiopathic facial pain (PIFP) according to the definition given by the International Headache Society (IHS). Methods: The TREZ was visualised by 3D CISS MRI in 12 patients with unilateral PIFP according to the IHS criteria.
P ersistent idiopathic facial pain (PIFP), the term that has replaced the former ''atypical facial pain'', 1 is defined as persistent facial pain that does not have the classic characteristics of cranial neuralgias and is not attributable to another disorder. Usually, PIFP starts in one quadrant of the face and spreads over time to neighbouring regions on the same side of the face or across the midline to the opposite side. 2 Pain is deep and poorly localised, typically reported as continuous with constant or fluctuating intensity and described as burning, aching or cramping. The pain cannot be triggered or aggravated by remote stimuli. Clinical neurological examination of the trigeminal system usually does not initially reveal a sensory deficit.
The pathophysiology of PIFP is largely unknown. Psychiatric, 3 vascular, 4 central, [5] [6] [7] and peripheral 8 neurophysiological mechanisms have all been suggested. Furthermore, it has been hypothesised that trigeminal pain syndromes represent a continuum from typical to atypical neuralgia rather than discrete diagnoses. 9 Based on a similar concept, microvascular decompression (MVD) of the trigeminal root entry zone (TREZ) from an offending vessel was performed in 672 patients with atypical trigeminal neuralgia and complete pain relief was reported in 51% of patients for up to five years after the surgery. 10 There are several other reports on small groups of patients suggesting that vascular compression may play a role in atypical facial pain, and that MVD may offer relief from this intractable condition. [11] [12] [13] Vascular compression was reported in two of three (66%) patients by Panagopoulos et al 12 and in 13 of 26 patients (50%) by Antic et al. 11 Unfortunately, these studies did not report whether the patients had atypical trigeminal neuralgia or trigeminal neuropathy according to the Liverpool criteria 14 and whether the patients fulfilled the International Headache Society (IHS) criteria for PIFP. Nevertheless, data about the importance of a vessel-nerve conflict at the TREZ in patients fulfilling IHS criteria for PIFP would be useful for enhancing our knowledge of the pathophysiology of PIFP and, consequently, counselling patients regarding therapy.
To this end, we investigated the frequency of vessel-TREZ contact on the symptomatic and asymptomatic sides in patients with unilateral PIFP by means of a three dimensional magnetic resonance imaging visualisation (MRI 3D visualisation) technique. 15 
METHODS

Patients
We recruited 12 consecutive patients with unilateral PIFP (six women, six men; mean (SD) age 48 (12) years) from the outpatient facility for pain management at the Department of Neurology, University of Erlangen-Nuremberg, Germany. The IHS diagnostic criteria (code 13.18.4) were used for inclusion of patients In all patients, a specific cause of the pain was excluded by a thorough clinical examination by a neurologist, an otorhinolaryngologist, and an orodental specialist. All patients had normal findings on computed tomography (CT) or MRI scan of the head. The study followed the tenets of the Declaration of Helsinki. Ethics committee approval was not necessary because the MRI studies were undertaken for clinical diagnostic reasons, and because MRI is completely non-invasive. All participants gave their informed consent prior to the measurements.
3D visualisation of TREZ
We performed 3D visualisation as has been previously described in detail. 15 Briefly, the neurovascular relationship at the TREZ was imaged in a head coil on a Siemens Sonata 1.5 T MR unit (Medical Solutions, Erlangen, Germany) using MR constructive interference in steady state (CISS) 3D and arterial magnetic resonance angiography time of flight 3D (MRA TOF) sequences of 0.4 mm slice thickness resulting in an iso-voxel size of 0.4 mm. Explicit segmentation of the relevant structures in each slice included noise reduction by anisotropic diffusion, extraction of the cerebrospinal fluid space by volume growing, manual labelling of the cranial nerves and vessels, and attribution of different colours to the segmented subvolumes. Finally, the subvolumes of each slice were reconstructed by means of implicit segmentation to a 3D object visualising the brain stem, the entry zones of the cranial nerves V-X, and the vessels.
Evaluation of the nerve-vessel contact
A radiologist and an experienced research assistant independently analysed subsequent 2D MR CISS images and 3D visualisations, respectively. Both persons were blinded as regards the symptomatic side of PIFP. We defined TREZ as the segment of the trigeminal nerve, 6 mm in length, situated adjacent to the pons, which corresponds to the longest reported length of the central myelin. 16 The extent of the vessel-TREZ relationship was categorised as: absence of contact (0), presence of contact (1), contact with deviation of the TREZ (2), and compression of the TREZ (3). Arteries were identified in the 3D visualisation as long curved vessels which could be traced back to their parent vessels. In contrast, veins in contact with the TREZ were visualised as extraneural hypointense signals that could not be traced over long distances and were mostly found posterolateral to the TREZ. Comparison of preoperative 3D visualisation with the corresponding intraoperative photomicrographs revealed good concordance. 15 Statistical evaluation Vessel-TREZ contact was categorised as ''true positive'' if a contact between an artery or a vein and the TREZ was observed on the symptomatic side. Vessel-TREZ contact was categorised as ''true negative'' if no contact was observed between an artery or a vein and the TREZ on the asymptomatic side. Sensitivity of the vessel-TREZ contact was calculated as the percentage of the true positive vessel-TREZ contacts divided by the sum of true positive and false negative vessel-TREZ contacts (symptomatic side). Specificity of the vessel-TREZ contact was calculated as the percentage of the true negative vessel-TREZ contacts divided by the sum of the true negative and false positive vessel-TREZ contacts (asymptomatic side). The frequencies of vessel-TREZ contact on the symptomatic and asymptomatic sides were compared with McNemar's test, and p,0.05 was considered as statistically significant.
RESULTS
Patients
Pain was localised to the right side of the face in five patients and on the left side in seven patients. All patients felt the pain within the depth of the maxilla. Four patients also felt pain superficially in the skin. The pain was continuously present in all patients. The severity of pain in the preceding three months was rated on a numeric rating scale (0 = no pain, 10 = worst pain) with an average (SD) of 6.2 (1.7). Its character was described as aching (n = 5), burning (n = 3), gnawing (n = 3), throbbing (n = 2), pressing (n = 2), stinging, (n = 2) or dull (n = 1). The pain was not triggered by remote stimuli. The average duration of pain was 106 (94) months (range 10-300 months). At the time of onset of the pain three patients reported having dental treatment or oromaxillary surgery, one patient a heavy blow to the left zygomatic arch, whereas eight patients could not remember any event. Eleven patients had undergone extraction of teeth for relief of pain but this was unsuccessful (median number of teeth extracted = 2). In addition four patients underwent two to six surgical interventions in the oromaxillary region and this too did not relieve the pain. Neurological evaluation of the face did not reveal any sensory deficits.
Neurovascular relationship at the TREZ In 11/12 patients, the finding of an artery-TREZ contact by the two independent examiners coincided exactly. In the twelfth patient, artery-TREZ contact was visible only after segmentation and 3D visualisation. In the present study, vein-TREZ contacts have been described in 3D reconstructions only. A typical specimen of a 3D visualisation is shown in fig 1. Vessel-TREZ contacts on the symptomatic and asymptomatic sides for each patient are listed in table 1 and the frequencies are summarised in table 2. The frequency of vessel-TREZ contact did not differ (p.0.9) between the symptomatic and asymptomatic sides. None of the patients had any deviation or compression at the TREZ.
Sensitivity of the vessel-TREZ contact (symptomatic side) was 58%, and the specificity of vessel-TREZ contact (asymptomatic side) was 33%. Corresponding data for the artery-TREZ contacts and vein-TREZ contacts are given in table 2.
One patient with an artery-TREZ contact on the symptomatic side only wished to undergo MVD (multiple cranial nerve decompression including trigeminal nerve and nervus intermedius in another hospital). However, this patient's pain did not improve after surgery.
DISCUSSION
Compared to intraoperative microphotography during MVD for trigeminal neuralgia, preoperative MRI 3D visualisation is known to be a sensitive method for visualising a possible vessel-TREZ contact. 15 17 We found that 3D visualisation following segmentation was superior to evaluation of 2D MRI CISS images because the former identified an artery-TREZ contact missed by the 2D MRI CISS. In addition, 3D visualisation also allowed vein-TREZ contacts to be identified. However, in patients with PIFP diagnosed according to the IHS criteria, 1 3D visualisation of the TREZ revealed true positive findings on the symptomatic side in only 58% (sensitivity) and true negative findings on the asymptomatic side in only 33% (specificity). In addition, the frequency of vessel-TREZ contact did not differ between the symptomatic and asymptomatic sides. Because of the low discriminative function of the presence of a vessel-TREZ contact, it seems unlikely that vessel-TREZ contact and pain are causally related in patients with PIFP.
We chose the presence of any simple vessel-TREZ contact on the symptomatic side as the true positive condition because only those patients who have trigeminal neuralgia with neurovascular contact have been reported to benefit from MVD. 18 Grooving, distortion, or deviation of the trigeminal root, which has been reported to be more specific for idiopathic trigeminal neuralgia, 19 was not observed in the present patient group. This is in agreement with a study which reported rare vessel-TREZ compression in patients with atypical facial pain. 11 We included vein-TREZ contacts in the analysis since firstly, the success rate of vein decompression in trigeminal neuralgia is almost as high as that of pure arterial compression with regard to pain relief, 20 and secondly, venous compression of the TREZ has been reported in patients with atypical neuralgia. 21 Unfortunately, a weakness of the MRI technique that we used is that MR CISS cannot differentiate between arteries and veins or veins and other tissues that produce a hypointense signal. However, taking into consideration anatomical knowledge of the important vein complex that lies lateral to the trigeminal nerve and the characteristic appearance of an extraneural hypointense signal from the surrounding cerebrospinal fluid, intraoperative photomicrographs in a previous study did not reveal unexpected findings. 15 The frequency of vessel-TREZ contacts in PIFP on the symptomatic side was found to lie within the range of coincidental findings observed in asymptomatic subjects or sides. In studies on cadavers of individuals who were known not have been affected by trigeminal neuralgia, vessel-nerve contact was reported in 58%, 22 35%, 23 32.4%, 24 and 39% 25 of examined TREZs. A large MR study of 85 asymptomatic subjects (170 trigeminal nerves) revealed that in 30% there was vessel-TREZ contact. 26 This is an older study and it must be considered that, compared with the present study, the resolution of the MR technique was lower. In another MRI study on patients with trigeminal neuralgia, a simple vessel-TREZ contact on the asymptomatic side was observed in 39% of patients. 19 Patients with PIFP differ from those with a previous history of trigeminal neuralgia that may have developed into an atypical trigeminal neuralgia or trigeminal neuropathy. 14 However, in the large outcome study of Tyler-Kabara and colleagues 10 patients were not differentiated by their history, actual pain characteristics, and sensory findings. Hence outcomes cannot be generalised to patients with PIFP. One of our patients in the present study who wished to undergo MVD did not benefit from multiple cranial nerve decompression including that of the trigeminal nerve and nervus intermedius. It remains open whether there is a link between the success rate of 51% in Jannetta's group 10 and our positive findings of 58% on the affected side. Additional contributing factors must be considered.
As indicated by the frequent vessel-TREZ contacts in asymptomatic subjects or in patients with trigeminal neuralgia on the asymptomatic side of the face, vessel-TREZ contact in trigeminal neuralgia may be a necessary but not sufficient condition. Given the absence of definitive criteria distinguishing ''significant'' from ''incidental'' compression, the finding of a vessel-TREZ contact in the preoperative MRI in patients with an appropriate diagnosis of trigeminal neuralgia on clinical grounds must be assumed to be significant and, therefore, relevant for planning therapy. 27 It may be the characteristic clinical signs and symptoms occurring in the course of the idiopathic trigeminal neuralgia that indicate the presence of unknown cofactors of the symptomatic vessel-TREZ contact and therefore can predict patients' good response to MVD.
It should, therefore, be emphasised that MRI cannot be used as a convenient tool for either making a diagnosis or planning therapy for trigeminal neuralgia unless supported by a clinical diagnosis based on sound criteria. The risks of using MRI findings of vessel-TREZ contact for diagnosis apply in particular to other chronic orofacial pain states that are more common (23% 28 ) than the relative rare trigeminal neuralgia (0.0043% 29 ) , because a vessel-TREZ contact on MRI alone has no proved pathophysiological significance and should be regarded as incidental. To our knowledge, MVD for the treatment of PIFP as defined by the IHS criteria 1 has never been shown to be effective in a controlled clinical study. We conclude that PIFP, as defined by the IHS criteria, 1 is not related to vessel-TREZ contact. In the present study, neither compression nor deviation of the TREZ was found. Therefore, patients with PIFP cannot be expected to have pain relief after MVD of the vessel-TREZ contact.
